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(57) ABSTRACT

A temperature protection device is provided, which com-
prises with a polymeric positive temperature coefficient
(PTC) device 1 having a conductive polymer 5 placed
between two electrodes 6 and 7, and a metal member 2
bonded to one of the electrodes 7 of the polymeric PTC
device, and which, when the ambient temperature exceeds a
prescribed temperature, terminates the current-flowing state
between the other electrode 6 of the polymeric PTC device 1
and the metal member 2. The conductive polymer 5 expands
thermally when the ambient temperature exceeds the pre-
scribed temperature, and a material is selected for the metal
member 2 that will melt as a result of the heat generated by the
conductive polymer during the thermal expansion.

4 Claims, 4 Drawing Sheets
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1
TEMPERATURE PROTECTION DEVICE

FIELD OF THE INVENTION

This invention relates to a temperature protection device
which is a component in a circuit of electrical equipment such
as a household appliance and the like and which terminates
current flow to the circuit when the ambient temperature
exceeds a prescribed temperature in order to ensure the safety
of said electrical equipment.

BACKGROUND OF THE INVENTION

Most household appliances use a temperature protection
device, which terminates current flow to the circuit when the
ambient temperature exceeds a prescribed temperature,
thereby securing the safety of the equipment. Enclosed fuses,
link fuses, or plug fuses and the like, which are relatively
inexpensive, are examples of this type of temperature protec-
tion device. However, these generally have low current rat-
ings (around 2 A (amperes)) and cannot be used on household
appliances, such as a microwave oven, where the circuit cur-
rent used is relatively high (around 15-20 A). In such a type of
household appliance, a breaker using a bimetal is sometimes
used as a substitute for a temperature protection device.

However, this bimetal type breaker has a large number of
components and a complex structure; it is extremely expen-
sive compared with the various fuses described above and is
one of the causes of increase in the manufacturing cost of
household appliances.

SUMMARY OF THE INVENTION

This invention was made in view of the above circum-
stances and has the purpose of providing a temperature pro-
tection device which has a simple structure and which can be
procured inexpensively.

In order to resolve the above problem, the following means
was adopted.

The temperature protection device of this invention is a
temperature protection device, which is provided with a poly-
meric PTC device comprising a conductive polymer placed
between two electrodes and a metal member bonded to one of
the electrodes on said polymeric PTC device and which,
when the ambient temperature exceeds a prescribed tempera-
ture, terminates the current-flowing state between the other
electrodes on the above polymeric PTC device and the above
metal member, wherein

the temperature protection device is characterized by the
above conductive polymer being given a characteristic of
thermally expanding when the above ambient temperature
exceeds the above prescribed temperature, and a material
being selected for the above metal member that will melt
through the heat generation of the above conductive polymer
overheated through thermal expansion.

The conductive polymer is a polymer resin composed by
kneading for example polyethylene and carbon black
together and crosslinking thereafter with radiation. Within the
conductive polymer, the carbon black particles are linked to
each other in a room-temperature environment so that numer-
ous conductive paths are formed through which current flows,
and good conductivity is exhibited. However, when the con-
ductive polymer expands thermally due to a rise in the ambi-
ent temperature or excessive current flowing in the conduc-
tive paths, the distances between the carbon black particles
are increased, thus severing the conductive paths, and con-
ductivity decreases sharply (the resistance rises sharply). This
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is called the positive temperature coefficient of a conductive
polymer, or PTC. This invention utilizes this characteristic.

First, the temperature protection device of this invention is
installed in an electrical equipment circuit in such a way that
current flows between the other electrode of the polymeric
PTC device and the metal member. When the prescribed
current flows in this circuit in a room-temperature environ-
ment, the conductive polymer exhibits good conductivity and
the current-flowing state of the circuit is ensured.

When the ambient temperature around the circuit compris-
ing the temperature protection device of this invention rises
owing to overheating and the like of the electrical equipment,
and exceeds a temperature limit set in advance (prescribed
temperature), the conductive polymer is affected by heat
transfer from the ambient and expands, causing the internal
conductive paths to be severed and sharply increasing the
resistance. Further, the heat generation of the conductive
polymer overheated by increased resistance causes the metal
member to melt, breaking the connection between the other
electrode of the polymeric PTC device and the current flow is
irreversibly broken.

The temperature protection device of this invention func-
tions as described above to ensure the safety of electrical
equipment. The structure, consisting of a polymeric PTC
device comprising a conductive polymer placed between two
electrodes and a metal member having a relatively low melt
point, has fewer components compared with a bimetal-type
breaker; the structure is also simple and the manufacturing
cost can be kept considerably low.

The temperature protection device of this invention is also
provided with a first polymeric PTC device comprising a
conductive polymer placed between two electrodes, a second
polymeric PTC device comprising a conductive polymer
similarly placed between two electrodes, a first metal member
installed between and bonded to one electrode of the above
first polymeric PTC device and one electrode of the above
second polymeric PTC device, and a second metal member
installed between and bonded to the other electrode of the
above first polymeric PTC device and the other electrode of
the above second polymeric device, and which, when the
ambient temperature exceeds a prescribed temperature, ter-
minates the current-flowing state between one electrode of
the above first polymeric PTC device and the other electrode
of the above second polymeric PTC device by means of the
above first and second metal members, wherein

the temperature protection device is characterized by each
of the conductive polymers in the above first and second
polymeric PTC devices being given a characteristic of ther-
mally expanding when the above ambient temperature
exceeds the above prescribed temperature, and a material
being selected for the above first and second metal member
that will melt through the heat generation of the above con-
ductive polymer overheated through thermal expansion.

The temperature protection device according to another
embodiment comprises two polymeric PTC devices, each
having a conductive polymer between two electrodes, and
two electrodes, and two metal members having a relatively
low melt point, so that it has fewer components compared
with a bimetal-type breaker and the structure is also simple so
that the manufacturing cost can be kept low. Also the current
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flow paths are in parallel so that it can accommodate electrical
equipment with a relatively high circuit current even though it
is extremely small in size.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a temperature protection device in the first
embodiment of this invention, providing a perspective view
of the temperature protection device from one side.

FIG. 2 is a temperature protection device in the first
embodiment of this invention, providing a perspective view
of the temperature protection device from the other side.

FIG. 3 is a chart showing the relationship between the
current applied time and the surface temperature of the poly-
meric PTC device when the temperature protection device of
this invention is installed in an electric equipment circuit.

FIG. 4 is a chart showing the relationship between the
current applied time and the surface temperature of the poly-
meric PTC device when the temperature protection device of
this invention is installed in an electric equipment circuit.

FIG. 5 is a temperature protection device in the second
embodiment of this invention, providing a perspective view
of the temperature protection device from one side.

FIG. 6 is a temperature protection device in the second
embodiment of this invention, providing a perspective view
of the temperature protection device from the other side.

DETAILED DESCRIPTION OF THE INVENTION

The first embodiment of the temperature protection device
of'this invention is explained as illustrated in FIG. 1 through
FIG. 4. InFIG. 1and FIG. 2, the element 1 is a polymeric PTC
device; 2 is a metal member; 3 and 4 are terminals bonded
severally to the polymeric PTC device 1 and the metal mem-
ber 2 in such a way as to allow current to flow. The polymeric
PTC device 1 comprises a rectangular conductive polymer
sheet 5 and metallic electrodes 6 and 7 having the same shape
and dimensions as the conductive polymer 5 and bonded to
the two side surfaces thereof. The polymeric PTC device 1
having such a structure is cut out from a plaque in which
nickel foils, which form the electrodes, are compressed on the
two surfaces of an unfabricated sheet of conductive polymer
having a uniform thickness. The terminals 3 and 4 become
connection terminals when installing the temperature protec-
tion device of this embodiment in an electrical circuit.

The conductive polymer 5 is a polymeric resin composed
by kneading for example polyethylene and carbon black
together and crosslinking thereafter with radiation. Within the
conductive polymer 5, the carbon black particles are linked to
each other in a room-temperature environment so that numer-
ous conductive paths are formed through which current flows,
and good conductivity is exhibited. However, the polymer is
provided with a characteristic wherein when the conductive
polymer expands thermally due to a rise in the ambient tem-
perature or excessive current flowing in the conductive paths,
the distances between the carbon black particles are
increased, thus severing the conductive paths, and conductiv-
ity decreases sharply (i.e. the resistance rises sharply).

The metal member 2 is a material with a relatively low melt
point formed into a thin strip, and is bonded to one of the
electrodes 7 comprising the polymeric PTC device 1 in such
a way as to allow current to pass. The terminal 3 is bonded to
the other electrode 6 comprising the polymeric PTC device 1
in such a way as to allow current to flow, and the terminal 4 is
bonded to the metal member 2, without being in any way in
contact with the polymeric PTC device 1, in such a way as to
allow current to flow. These become the connection terminals
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when installing the temperature protection device of this
embodiment in an electrical circuit.

In order that the temperature protection device constructed
as described above should, when the ambient temperature
exceeds the temperature limit p° C. (prescribed temperature),
function to terminate the current-flowing state of the electri-
cal circuit having a circuit current of q A (ampere), the fol-
lowing characteristics are given to the conductive polymer 5
and the metal member 2, which are components of the poly-
meric PTC device 1.

First, as shown in FIG. 3, the conductive polymer 5 is given
a characteristic wherein it generates heat when there is a
current flow of q A, which is the circuit current; regardless of
the ambient temperature, it maintains its temperature higher
than the ambient temperature at that point, and starts thermal
expansion when the ambient temperature exceeds the tem-
perature limit of p° C.

More specifically, the conductive polymer 5 creates a small
amount of resistance to generate heat when current is applied
even when it has not expanded thermally. Thus, the tempera-
ture of the conductive polymer 5 in a current-flowing state is
always higher than the ambient temperature at that point. If
not in a current-flowing state, the temperature of the conduc-
tive polymer 5 is only equal to the ambient temperature, but
the temperature becomes higher by the amount of heat it
generates. In other words, when the ambient temperature
reaches the temperature limit p° C., the temperature of the
conductive polymer 5 is r° C., which is higher than p® C. Thus,
the conductive polymer 5 is given the characteristic of having
an actuating temperature of r° C. and starting thermal expan-
sion when its own temperature exceeds r° C.

Further, the conductive polymer 5 is given a characteristic
wherein, when it expands thermally and overheats, the
amount of heat generation and the amount of heat dissipation
reaches equilibrium so that it maintains an approximately
constant temperature. The temperature of the conductive
polymer 5 when it has reached equilibrium is about s° C.,
which is higher than the actuating temperature r° C.

Such characteristics are provided by appropriately adjust-
ing the content of carbon black in the conductive polymer
and/or the dose of irradiation when crosslinking, and appro-
priately setting the resistance of the conductive polymer 5 at
the time of thermal expansion.

Next, a material is selected as the metal member 2, whose
melt point is equal to or higher than the temperature at which
the conductive polymer 5 starts thermal expansion (r° C.) and
equal to or less than the temperature at which the amount of
heat generation and the amount of heat dissipation of the
conductive polymer 5 (s° C.) reaches equilibrium. The melt
point of the metal member 2 will be denoted as t° C., where
r=t=s°C.

When the temperature protection device, which is struc-
tured as described above and wherein the conductive polymer
5 and the metal member 2, which are components of the
polymeric PTC device 1, have been given characteristics as
described above, is installed in an electrical circuit of an
electrical equipment having a circuit current of q A (ampere)
in such a way that current flows between the terminals 3 and
4, and a current of q A is applied to the circuit under a
room-temperature environment, the current flows in the order
of'terminal 3, electrode 6, conductive polymer 5, electrode 7,
metal member 2, terminal 4 (or the reverse). The conductive
polymer 5, which is a component of the polymeric PTC
device 1, exhibits good conductivity under a room-tempera-
ture environment and the current-flowing state of the circuit is
ensured.



US 7,532,101 B2

5

When the ambient temperature around the circuit compris-
ing the temperature protection device of this invention rises,
owing to overheating of the electrical equipment and the like,
and exceeds the temperature limit p° C., the conductive poly-
mer 5 is affected by heat transfer from the ambient and
expands, causing the internal conductive paths to be severed
and sharply increasing the resistance. The temperature of the
conductive polymer 5, which has overheated owing to
increased resistance, exceeds the melt point t° C., which is the
melt point of the metal member 2, and moves towards s° C.;
its heat generation causes the metal member 2 between the
conductive polymer 5 and the electrode 7 to fuse and the
current-flowing state between the terminals 3 and 4 is irre-
versibly broken.

The temperature protection device of this embodiment
functions as described above to ensure the safety of electrical
equipment that has exceeded the temperature limit. The struc-
ture, which comprises a polymeric PTC device 1 having
conductive polymer 5 placed between two electrodes 6 and 7,
and a metal member 2 having a relatively low melt point, has
fewer components compared with a bimetal-type breaker; the
structure is also simple and the manufacturing cost can be
kept low.

Further, even if the metal member 2 should by chance not
fuse and the current-flowing state is continued between the
terminals 3 and 4, the conductive polymer 5 will maintain its
temperature around s° C., with the amount of heat generation
and the amount of heat dissipation in equilibrium, so that
there is no risk of the conductive polymer 5 burning away and
the electrodes 6 and 7 shorting, making it safe.

In the temperature protection device of this embodiment,
the conductive polymer 5 is given a characteristic wherein it
starts to expand thermally when the ambient temperature
exceeds the temperature limit of p°® C., and a characteristic
wherein when it expands thermally and overheats, the amount
of'heat generation and the amount of heat dissipation reaches
equilibrium and it maintains an approximately constant tem-
perature. Instead of the latter characteristic, the following
characteristic may be given to the conductive polymer 5. In
other words, as shown in FIG. 4, the characteristic is that the
conductive polymer 5, when it expands thermally and over-
heats, will undergo a thermal runaway so that it will not reach
equilibrium but continue to increase the temperature and
eventually self-destruct. Self-destruction in this case means
that there will be severe oxidation caused by the temperature
rise so that the conductive polymer no longer has a PTC
characteristic. As in the above description, such a character-
istic is provided by appropriately adjusting the content of
carbon black in the conductive polymer and/or the dose of
irradiation when crosslinking, and appropriately setting the
resistance of the conductive polymer 5 at the time of thermal
expansion; when compared with a conductive polymer that
has been given the characteristic wherein the amount of heat
generation and the amount of heat dissipation reaches equi-
librium during thermal expansion, the resistance at the time of
thermal expansion is kept low.

By providing such a characteristic, there is a wide range
between the temperature (r° C.) at which the conductive poly-
mer 5 starts thermal expansion and the temperature (u° C.) at
which it undergoes a thermal runaway and self-destructs.
When selecting the metal member 2, a material may be
adopted thathas a melt point in this temperature range, so that
the range of material selection is widened and a more inex-
pensive material may be selected. Also, by keeping the resis-
tance at the time of thermal expansion low, the voltage
applied between the electrodes 3 and 4 at the time of thermal

20

25

30

35

40

45

50

55

60

65

6

expansion may be suppressed, as a result of which, the tem-
perature protection device may also be used in a higher volt-
age circuit.

In the temperature protection device of this embodiment,
the conductive polymer 5 may additionally be given a char-
acteristic wherein it generates heat when an overcurrent far
exceeding q A flows between the terminals 3 and 4, and
increases its temperature to a higher temperature than the
melt point of the metal member 2. By adding such a charac-
teristic, the conductive polymer 5 will generate heat through
Joule heat and expand thermally if an overcurrent flows for
any reason even under a room-temperature environment; the
metal member 2 will melt and break between the electrode 7
through the heat generation of the overheated conductive
polymer 5, and the current-flowing state will be irreversibly
broken. In other words, in addition to its original function as
a temperature protection device, the function of an overcur-
rent protection device is also provided, considerably enhanc-
ing its versatility.

The second embodiment of the temperature protection
device of this invention is explained as illustrated in FIG. 5
and FIG. 6. Components already described in the above first
embodiment have been given the same element number and
explanations are omitted.

In FIG. 5 and FIG. 6, the elements 11 and 12 are both
polymeric PTC devices (first and second polymeric PTC
devices); 13 and 14 are both metal members (first and second
metal members); 15 and 16 are terminals bonded respectively
to the polymeric PTC devices 11 and 12. The structure and
shape of the polymeric PTC devices are the same as those
described in the first embodiment above; the polymeric PTC
device 11 comprises a rectangular conductive polymer sheet
17 and metallic electrodes 18 and 19 having the same shape
and dimensions as the conductive polymer 17 and bonded to
the two side surfaces thereof, and the polymeric PTC device
12 comprises a rectangular conductive polymer sheet 20 and
metallic electrodes 21 and 22 having the same shape and
dimensions as the conductive polymer 17 and bonded to the
two side surfaces thereof. The two polymeric PTC devices 11
and 12 are positioned in the same plane each with a side
parallel to and separated from the other.

The metal member 13 is a material with a relatively low
melt point formed into a thin strip, and is placed between one
of'the electrodes 18 of the polymeric PTC device 11 and one
of the electrodes 21 of the polymeric PTC device 12 and
bonded to each in such a way as to allow current to pass. The
metal member 14 is placed between the other electrode 19 of
the polymeric PTC device 11 and the other electrode 22 of the
polymeric PTC device 12 and bonded to each in such a way as
to allow current to pass. The two metal members 13 and 14 are
placed as distanced from each other as possible.

The terminal 15 is bonded to the electrode 11 of the poly-
meric PTC device 11, without being in any way in contact
with the metal member 13, in such a way as to allow current
to flow, and the terminal 16 is bonded to the electrode 22 of the
polymeric PTC device 12, without being in any way in con-
tact with the metal member 14, in such a way as to allow
current to flow. These become the connection terminals when
installing the temperature protection device of this embodi-
ment in an electrical circuit.

In order that the temperature protection device structured
as described above should, when the ambient temperature
exceeds the temperature limit p° C., function to terminate the
current-flowing state of the electrical circuit having a circuit
current of q A (ampere), the conductive polymers 17 and 20
and the metal members 13 and 14, which are components
severally of the polymeric PTC devices 11 and 12, are given
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the same characteristics as the conductive polymer 1 and the
metal member 2, which are components of the polymeric
PTC device 1 in the first embodiment above (see FIG. 3).

The temperature protection device structured as described
above, with the conductive polymers 17 and 20 and the metal
members 13 and 14, which are components severally of the
polymeric PTC devices 11 and 12, being given characteristics
as described above, is installed in the circuit of electrical
equipment having a circuit current of q A (ampere) in such a
way that current flows between the terminals 15 and 16. When
current of q A is applied to this circuit under a room-tempera-
ture environment, the current is divided into two, flowing in
parallel; one current flows in the direction of terminal 15,
electrode 18, metal member 13, electrode 21, conductive
polymer 20, electrode 22, metal member 2, and terminal 16
(or the reverse), while the other current flows in the direction
of terminal 15, electrode 18, conductive polymer 17, elec-
trode 19, metal member 14, electrode 22, and terminal 16 (or
the reverse). The conductive polymers 17 and 20, which are
components of the polymeric PTC devices 11 and 12 exhibit
good conductivity in a room-temperature environment, and
the current-flowing state of the circuit is ensured.

When the ambient temperature around the circuit compris-
ing the temperature protection device of this invention rises,
owing to overheating of the electrical equipment and the like,
and exceeds the temperature limit p° C., the conductive poly-
mers 17 and 20 are affected by heat transfer from the ambient
and expand, causing the internal conductive paths to be sev-
ered and sharply increasing the resistance. The temperature of
the conductive polymers 17 and 20, which have overheated
owing to increased resistance, exceeds the melt point t° C.,
which is the melt point of the metal members 13 and 14, and
moves towards s° C.; the heat generation causes the metal
member 13 between the electrodes 18 and 21 to fuse and the
current-flowing state between the terminals 15 and 16 is
irreversibly broken.

The temperature protection device of this embodiment
functions as described above to ensure the safety of electrical
equipment that has exceeded the temperature limit. The struc-
ture, which comprises two polymeric PTC devices 11 and 12
and metal members 13 and 14 having a relatively low melt
point, has fewer components compared with a bimetal-type
breaker; the structure is also simple and the manufacturing
cost can be kept low.

Further, even if the metal members 13 and 14 should by
chance not fuse and the current-flowing state is continued
between the terminals 15 and 16, the conductive polymers 17
and 20 will maintain their temperature around s° C., with the
amount of heat generation and the amount of heat dissipation
in equilibrium, so that there is no risk of the conductive
polymers 17 and 20 burning away and the electrodes 21 and
22 shorting, making it safe.

Further, the temperature protection device of this invention
is so structured that the current flow paths are in parallel; thus
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it can accommodate electrical equipment with a relatively
high circuit current even though it is extremely small in size.

Also in the temperature protection device of this embodi-
ment, the conductive polymers 17 and 20 may be given a
characteristic wherein they will undergo a thermal runaway
when they expand thermally and overheat, so that they will
not reach equilibrium but continue to increase the tempera-
ture and eventually self-destruct (see FIG. 4). Through this
also, the range of material selection is widened when select-
ing the metal members 13 and 14, and a more inexpensive
material may be selected. Further, the temperature protection
device may also be used in a higher voltage circuit.

Also in the temperature protection device of this embodi-
ment, the conductive polymers 17 and 20 may additionally be
given a characteristic wherein they generate heat when an
overcurrent far exceeding q A flows between the terminals 15
and 16 and increase their temperature to a higher temperature
than the melt point of the metal members 13 and 14. Through
this also, in addition to its original function as a temperature
protection device, the function of an overcurrent protection
device is also provided, considerably enhancing its versatil-
ity.

What is claimed is:

1. A temperature protection device, which is provided with
a first polymeric positive temperature coefficient (PTC)
device comprising a conductive polymer placed between first
and second electrodes, a second polymeric PTC device com-
prising a conductive polymer placed between third and fourth
electrodes, a first metal member installed between and
bonded to the first electrode of the first polymeric PTC device
and the third electrode of the second polymeric PTC device,
and a second metal member installed between and bonded to
the second electrode of the first polymeric PTC device and the
fourth electrode of the second polymeric device, and which,
when the ambient temperature exceeds a prescribed tempera-
ture, terminates the current-flowing state between the first
electrode of the first polymeric PTC device and the fourth
electrode of the second polymeric PTC device by means of
the first and second metal members, wherein

the conductive polymers of the first and second polymeric

PTC devices thermally expand when the ambient tem-
perature exceeds the prescribed temperature, and

the first and second metal members comprise a material

that will melt as a result of heat generated when the
conductive polymer thermally expands.

2. A temperature protection device according to claim 1
wherein the first polymeric PTC device comprises a conduc-
tive polymer comprising polyethylene and carbon black.

3. A temperature protection device according to claim 2
wherein the conductive polymer is crosslinked.

4. A temperature protection device according to claim 1
wherein the first, second, third, and fourth electrodes com-
prise nickel foil.



